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A ‘Sensitive Period’ for Speech Learning 

Infant discrimination of /ra/ vs. /la/ 
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Neural Signatures of Speech Learning 

Event-related Potential (ERP): Mismatch Negativity 



Mismatch Negativity (MMN) 
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ERPs to speech at 7.5 months predict 
language growth to 2.5 years of age 
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Powerful Learning Mechanisms 


Statistical Learning + Social Learning 


Statistics of “Parentese” 
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Infants’ Sensitivity to Statistical Cues 
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New Question: 

Can infants ‘take statistics’ on a new 
language during the sensitive period? 


Perception of Mandarin Chinese Sounds 

Intervention: 12 sessions, 25 minutes each, 

4 different talkers (mean # of syllables = 33,000) 
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Mandarin Chinese Exposure 

12 sessions between 9 and 10.5 months of age 
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Did Infants Learn? 
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Do Infants Learn From a Machine? 
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Do Infants Learn Language From Video? 
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Magnetoencephalography (MEG) 









Baby MEG 
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MEG Evidence of Statistical Learning 
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MEG Oscillatory Responses to Syllables 

6- and 12-Months vs. Adults 
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Stimuli: 4 syllables, oddball presentation 
(85:15 ratio) 

Native Finnish /ta-pa/: 
ta ta ta ta ta pa ta ta pa ta 

Non-native Mandarin /tchi-ci /: 

tchi tchi tchi ci tchi tchi tchi ci tchi tchi 
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MEG Measures of Statistical Learning 


• At 6 months of age, infants 
attend to the most frequent 
stimulus regardless of 
language. 
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• By 12 months, attention is 
drawn to the native stimulus 
regardless of frequency. 

• In adults, attention and 
cognitive effort is increased 
by nonnative stimuli. 
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MEG Evidence of Sensorimotor 
Interaction in Speech Learning 




CrossMark 

dick for updates 


Infants' brain responses to speech suggest Analysis 
by Synthesis 
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MEG Results: 

Interaction (Age, Language, Region) 
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The Dual-Stream Network for Language 


Dorsal Pathway: Sensorimotor stream 
Ventral Pathway: Sound to meaning stream 



Kuhl, in Kandel et al. (Ed.), Principles of Neural 
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Bilingual and Monolingual Babies 
Tested in MEG at 11 Months 


Bilingual and Monolingual Speech 
Processing at 11 Months 


Developmental Science ^ 


Developmental Science (2016), pp 1-16 DOI: 10.11 ll/desc.12427 


SPECIAL ISSUE ARTICLE 

Speech discrimination in 11-month-old bilingual and 
monolingual infants: a magnetoencephalography study 

Naja Ferjan Ramirez, 1 Rey R. Ramirez, 1 Maggie Clarke, 1 Samu Taulu 1 ' 2 and 
Patricia K. Kuhl 1 ' 3 

1. Institute for Learning & Brain Sciences, University of Washington, USA 

2. Department of Physics, University of Washington, USA 

3. Department of Speech and Hearing Sciences, University of Washington, USA 


Naja Ferjan Ramirez: Developmental Science Early Career Research Prize, 2016 














Monolingual Infants Show Significant 
Difference Between English and Spanish 
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Bilingual Infants at 11 Months Show 
Greater Activation for Spanish 
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Bilingual Infants Show Greater Prefrontal Activation 



Ferjan-Ramirez, Ramirez, Clarke, Taulu, & Kuhl, 2017, Developmental Science 












MEG Shows Effects of Music on the Brain 


Music Exposure Affects Speech 
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Musical intervention enhances infants' neural 
processing of temporal structure in music and speech 
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Individuals with music training in early childhood show enhanced 
processing of musical sounds, an effect that generalizes to speech 


for effects related to predispositions (e.g., genetics) and prior 
music experience. (ii) We focused on temporal information 









Music Intervention Affects the Brain 



• The “waltz” 

• Social environment 

• 12 sessions over one 
month’s time 

• Brain tests after exposure 

• Track language 
development until 30 month 
of age 
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MEG Results for Music Test 
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■ Intervention Group ■ 

Control Group 

Significant differences in both Auditory and 
Prefrontal Cortex for detection of violations in 
musical rhythm, with the Intervention group 
showing stronger responses (p < .01). 

Zhao & Kuhl, PNAS, 2016 
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MEG Results for Speech Test 
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■ Intervention Group ■ 

Control Group 

Significant differences in both Auditory and 
Prefrontal Cortex for detection of violations in 
speech rhythm, with the Intervention group 
showing stronger responses (p < .03). 

Zhao & Kuhl, PNAS, 2016 











Experience Affects Brainstem 
Responses to Speech 
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Linguistic effect on speech perception observed at 
the brainstem 
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Linguistic experience affects speech perception from early infancy, as 11 mo of age were observed 
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MEG: Somotosensory Responses 

to Touch in Infancy 
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Co-Registration of Brain Activity: 
Face-to-Face Interaction 
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MEG Hyperscanning: Mothers and 5-yr-olds 



BioMag: W-116, Brain to Brain Synchronization During Mother-Child Interaction 
Jo-Fu Lotus Lin et al., 2018 
















Future: Portable and Affordable Ways to 

Measure Human Learning 
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